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ABSTRACT

Program BALLOC is a model designed to optimally allocate a
mixed-weapon offensive forcee over a set of multiple-valued targets
detfended by multiple nonintersceceting random arca and subtractive

local detenses.

The program will maximize the expected damage over the total
target set, with the restriction that no more than one weapon
type be allocated to any randomly detended island or target

subset.,

This report prescnts the concept on which the model is based,
and describes the implementation of this concept as a computer
program. It also contains a users manual, and an example of the
use ot the model, employing fictitious data to avoid the neces-

sity of seccurity classification,
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PREFACE

This report i1s submitted under Contract NOOOL4-71-C=-0015
to the Ottice of Naval Rescarch under the task, "Programming a
Strategic Bombuer Allocation Model.”  This report contains a
description of the model as well as a users guide tor running

the program,

The work reported here has been performed in the Systems
Evaluation Department, Engineering Systems Division of Stantord
Research Institute, under the supervision ot Dr, Ricardo de
Sobrino, Statf Scientist, Mrs. Barbara J. Ripple, Mathematician,
acted as project leader., and Mrs. Nancy J. Lemons, Mathematician,

did the programming.
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I  INTRODUCTION AND PURPOSE

i s e

During the past few years, models used to evaluate the
eftfectiveness ot strategic systems have been highly developed
and widely used. 1o particular, one general class of such models,
{ ¢ which will be called here the "aggregated typc"* has become
attractive in the rapid evaluation of relative effectiveness of
alternative systems, In addition, these models are useful in
; R investigating the sensitivity of the results to the values of

system parameters, and to the interactions of offense and defense,

| [ SRI is currently under contract with OSD(SA) to develop
techniques to improve the representation of airborne strategic
systems in effectiveness models of the aggregated type. As a

result of that work a weapons-allocation model against targets

B O T SO i b

defended by random type area defenses with certain restrictions

has been nade possible,

The purpose of this report is to describe BALLOC, a weapons-
allocation model programmed for the Office of the Chief of Naval

Operations.

*
For a more complete discussion, see Ref. 1. References are

listed at the end of the report.
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I1 MODEL DESCRIPTION

A, General

The allocation model described here has some unique features
that are not available in currently existing models of the aggre-

gated type, such as CODE 50, AEM, and similar ones,

The model assunes a number of corridors (or islands) de-
tfended by area defenses (fighters) that do not overlap. It also
assumes that no more than one type of bomber (more specifically,

payload type) will be used within ecach island. These are the

main limitations, It does not appear easy to eliminate the first,

Methods to remove the second are well under development,® though

this can only be done at the expense of increased running time,
Distinctive features of this model are as follows:

(1) Bomber penetration probabilities are a tunction

of the attack size on an island (or corridor).

(2) They also vary within each island as a function
of the penetration distance; in fact, théy may be

different for each individual target,

(3) They are accepted as inputs in tabular or functional
form and may be obtained from detailed simulations

if desired.
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8. Problem Formulation

We assume here that a set of targets is defended by non-

overlapping multiple random fighter area detenses, Since the

defense coverages are nonoverlapping, the targets are in fact

divided into N disjoint subsets (or corridors), Each corridor

¢ is detended by a known random fighter detense, In addition, ;
subtractive local detense may also exist tor some (or all) tar-
gets in tl - corridor., We further assume that each corridor will

be attacked by at most one type of weapon,

-
i bk SRy

We should note that the model allocates the weapons, not
the carriers., This self-~imposed restriction is needed to achieve ’
| : acceptable computation times, and is generally assumed in models
of this type. Once a weapon allocation is obtained, weapons

could, in the real case, be loaded on specific carriers that

could then be routed to specific targets,

Let B, be the number of type j weapons allocated to the

th
i corridor, The penetration probabilities of the weapons are

R TR A

, R), where R is the distance

5l

ij
from the entry point to each island. Thus, and in general,

given inputs in tabular form, P (B
1]

£

penetration probabi ities are different for different targets.
Then for a given value of Bij’ the penetration probability of
each weapon can be obtained from the prescribed penetration

probability function Pij(Bij)’ which in turn determines the i
damage function of each target; the optimal allocation of Bij ”
that maximizes the total expected damage function of the island

can be efficiently generated by the use of Lagrange multipliers,
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Let rx1(Bi)) be the total expected damage function to the ith
leand\cau;cd by type j weapons., We note that ij is a function
in tabular form since it corresponds to the sum o} the expected
damages ot all the targets in the 1‘h corridor with each target
having in general a difterent damage tunction, because the

targets either belong te difterent exemplar groups, or have

different penetration probabilities due to geographic location,

The problem may be expressed mathematically as follows:

Maximi
1) (8

N J
“e Z Z Uis i (Biy)
j=1

(Yig) (Byy) =1 3=

J
Subject to E v, =1 , i=1,2,...,N
1]
j=1

o]
v

.. 20 for all i,j
ij

U =0 or i for all i,j
1)
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where J is the total number of weapon types, and U equals 1
J
th
it the type j weapon is assigned to the i corridor, and equals

0O otherwise,

The generalized Lagrange multiplier method is readily

applicable to this problem, Th. method consists of two parts:

(1) For a given set of values of the Lagrange multipliers
W= (. ,+e+,%. ), let B = (B ’) be the weapon alloca-
1 J 1)
tion matrix that maximizes the Lagrangian:

Sivve R S R e s T R

Z.
[

NoJ
L(.,B) = ‘ [fij (Bij) - BU] =Z Z Li(ty0By)

i=l j=l i=l  j=1 i
th | . %
For the i corridor, let j be the weapon type 3
1 y
that maximizes
L {.,B° A
i3\ 3713, i.e.,
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Let U ° 1 if j .
1] b

"
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0 otherwise,

i.e., assign weapons of type Ji to the i

corridor and let
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N
* N -
B = E v B - .
J 1) 1)

1=1

Then U ° and B ° are optimal for the assignment
i 1

J J
problem, with B* in place of B tor the total
. J

nunber of type j weapons,

Using an existing iterative procedure, the values

of . may be systematically adjusted so that the
weapon resource vector (BS) converges to its desired

values (B ).
J
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I1II MODEL IMPLEMENTATION

i ;
i AL Introduction E
:;:
) The program consists basically of three steps: (1) finding .
5 P t
% the damage fuanctions ftor ecach attacker type on ecach corridor,
: (2) optimally allocating the offense torce on the corridors, and ,
(3) adjusting the optimal allocation to be identical with the 3
3
desired allocation when the latter is not exactly obtained, This #
last step will be denoted by "closing." 3
3

B. Generating the Corridor Damage Curves

1. General

Because the probability of bomber penetration to each

R 5 e T i R s S R M

target (and the corresponding damage function) depends on the

3
o
*
i
¥

total attack size to a corridor, due to the assumption of random
area defenses, the following steps are necessary to obtain egach

point on the damage curve of a given weapon type on a given

corridor:

(1) For each desired attack size, find the penetra-
tion probability corresponding to that attack
size,

(2) Find the individual damage functions for each
target given the penetration probability,

7
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(3) Using Lagrange multiplicers, find the optimal

allocation tor the desired attack size,

Each of these threo steps 1s discussed in more detarl

below,

The number of points on each curve. as well as the
maximum attack si1ze for cach curve, are user inputs. Due to
computer storage requlirements, however, a maximum of 20 points

per curve cannot be presently exceeded,

2. Finding Penctration Probabilitices

To find the probability of a weapon penctrating to a
target, t, the great-circle distance, d, from the corridor e¢ntrance
to that target is found using:
¢ = cos [sin(LA ) sin(LA ) + cos(LA ) cos(LA ) cos(LO_ - LO )]

pl T pl T T pl

€ = CoS ! (sin(LA ) sin(LA ) + cos(LA ) cos(LA ) cos(lO - Lo )]
pl p2 pl p2 p2 pl

B = cos L [sin(LA ) - cos(c) sin(LA )] ‘Isin(c) cos(LA )] -
T pl pl

cos L [sin(LA ) - cos(e) sin(LA )] ’[sin(e) cos(LA )]
2 pl pl

<

# i AR

-1
d = 3400 sin  [sin(c) sin(B)] (1)
where
LAT, LOT = Latitude and Longitude of target t
LA , 1o , LA , LO = Latitudes and Longi tudes of cor-
pl pl p2 p2
ridor entry boundaries
d = Great-circle distarce between tar-
get t and corridor c¢ntry line de-
fined by pl and p2.
8
ettt snses il et e
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| Given this distance and the attack si1ze of interest,
N

§ a table lookup procedure 1s used to obtain the penctration

i probability. These tables are inputs that must be gencerated

{2
g
@
H
3
¥
i

externally. T  Linecas interpolation is used to obtain the desired

attack si1ze from the tables,

3. Target Damage Functions

The square-root-law damage tunction i1s used tor cach
target, PFor a locally undefended target with penetration proba-

bility equal to one, this is of the following form:

Jyi 3>
3 (a Y =v ]l -~ ¢ 1 + K a 2
i1 Yi ( AL (2)

where
v‘l = Target value
aj i = Number of type j weapons arriving at target i
b
kj i = A damage constant that depends on the target's
’ hardness and size and the weapon's yield and CEP
bi = Expected damage.

Given a penetration probability (P, ) for attacker j
i1

v

on target i, a new value of Kk, k’ is found such that

P o8 =v [L-e V"' +x’) . (3)
i,j i i i

.
+
b
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This k'’ value then has the effect of "stretching” the
unde tended damage function to allow tor the effects of the
penctration probability through the arca detenses, and the ex-

pected damage 1s tound by using this k'’ value in Eq. (2).

It there 1s a local detense at target i, the Ja

R AFR
term in Eq. (2) is replaced by Jfa T \'j Lr where
I Jy
Y =1 RKkP 1)
1y i 1,1 ) J,1
and
Y = Equivalent price of the target i for weapon type j
Js1
I = Interceptors at target i effective against weapon j
RER
R = Interceptor kill probability against weapon type j

K = An input constant associated with the leakage

through the area defenses®

P = Penetration probability through the arca defenses,

a function of the target location and attack size.

4, Find the Desired Attack Size

Given the individual target damage functions at a
corridor, it is then possible to obtain the attack size of
interest. This is done using Lagrange multipliers in an itera-

tive technique. Starting with a very large value of a single

10




scalar multiplier and a very small one, two attack levels that
bracket the desired attack size are obtained, A new value for
the multiplier is found by taking the average of the two previous
ones., The new allocation is obtained and replaces the old point
oun the same side ot the desired allocation, This averaging
procedure continues until either the desired point is found or
the values of the wnultipliers do not ccalesce into a single

value resulting in the desired number of weapons, in which case
the solution is in a "gap." When this occurs, the point closest

to the desired point is used.,

C. Optimal Weapon Allocation

To optimally allocate the offensive force, (i.e., maximize
the expected damage destroyed over all the corridors) the program
again utilizes the Lagrange multiplier method.* In this casc,
the Lagrange multiplier is a vector in j space where j is the

number of weapon types,

Given the multiplier vector, the problem of finding the
optimum torce allocation is quite simple, since the damage
functions are in tabular form and the corridors do not overlap.
Each corridor can be treated independently, and the "best' weapon
type (and the number of weapons of this type) to use on the
corridor is found by searching each damage table to find the
point that maximizes F(A) - \J A= Lj for payload type j, and

then choosing the type with the largest Lj'

11
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After cach alloceation, the multiplier vector 18 adjusted
until either the desired attack size (to within the granularity
of the damage table) is obtained, or, the change in the values
ot the multipliers is very small, or a maximum number of itera-
tion 18 reached, If the desired attack size is obtained, the
run is complete; otherwise, a closing procedure is required to

adjust the optimal attacks to match the desired one,

To adjust the multiplier vector, the following standard
algorithm is used.* Along with the » associated with cach
attacking payload type is a A\J. It is the AXJ that is adjusted
to find the new \J. If A\; is going in the right direcction but
the obtained allocation is still not at the desired value, then

1

iteration the desired allocation was crossed, the A)' = ¢ Ak»,
J J

where 02 is also an input constant, negative, and < 1.,0. Also,

A\; = ¢. &’ where ° is an input constant > 1,0, If in the last
J

a Ax term is applied to all )\ 's, This term is modified at
J
each iteration by the same constants as the ij's, depending on
whether A, W is greater or less than £ A W (W _ = desired
z J D & j J A D

allocation; wA = obtained allocation). Thus,
Moo= (L4 A\ (1 + Ax) A
J 3 J

The values of c1 and c2 have been obtained heuristically.

* This algorithm was originated by Dr. H. Everett of Lambda Corp.

12
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D. Closing Procedure

The closing procedure i1s a heuristic method used to slightly
change an obtained optimal allocation to reach the desired one
when the latter lies in a "gap' and 1s not obtainable by the

Lagrange multiplier method.,

In Program BALLOC, two procedures are needed; the first
adjusts the allocation among the corridors until the desired
allocation is obtained. The second procedure then adjusts the
individual corridor allocations among the targets within that

corridor,

The first step in performing the tirst closing is to sclect

the "best” allocation to close on.® This is done by finding the
allocation that minimizes:
2
T w - W W 5
5 | (%, o) "o, ©
J J J
where
WA = Obtained number of type j weapons
J
WD = Desired number of type j weapons.
J

The routine imposes the restriction that each corridor
must use the weapon type assigned in the optimal allocation;
thus, for each type-j weapon, if Wy > W , the routine selects

J

J
from the corridors that arc assigned this type the one receiving

13
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the least damage per attacker, and reduces the allocation to

this corridor., Similarly, it Wy < “D , the corridor that will

J J
reeeive the most damage per attacker is selected to recetve the

additional weapons,

‘ . %
It a weapon type was not allocated at all, the routine p
selects from the unattacked corridors the one that would receive

i the most damage and allocates the weapons to that corridor,
At ter the exact allocation to cach corridor is obtained, the

procedures described previously in Section B-d4 are used to

3 allocate the weapons amonyg the targets within the corridor.

If the desired allocation to that corridor is not exactly ob-

tained, an algorithm similar to that used in the first closing

i is used for slight adjustments,

14
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IV PROGRAM DESCRIPTION

A, Introduction

BALLOC is written in Fortran IV tor use on the SRI CDC
6100 computer as well as the O8A CDC 3600, The c¢ore starage
requirement is approximately 50,000 words, The running time
can be broken into two parts~-the time required to generate
the damage curves for ecach corridor, and, given the curves, the
time required to obtuin a gitén allocation, To gencerate a curve
with 20 points for one weapon type on one corridor requires

*
approximately 10 seconds on the CDT 6400, The running time to
obtain the desired weapon allocution depends on the number of
corridors and the number of weapon types. For two weapon types

and nine corridors, the time is approximately 5 seconds.

Section IV-B contains flow charts of the main program and
of the more complicated subroutines, Section IV-C gives a
description of the user input to the program, along with typical
sample values, In Section IV-D are several figures showing

various represcentative sections of the output of this program,

The target values and damage functions used to calculate

the examples shown are fictitious to avoid security classification.

*
This is an average value assuming 40 targets per corridor and

obtained from a total time of about 180 sec for 400 targets lo-
cated in 9 corridors,
15
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B. Progr

am Flow

Figur
2 shows th

procedure.,

C. Data

¢l is a flow chart of the main program flow, Figure

¢ allocation subroutine, and Figure 3 the closing

[nput

1. Data-Card Deck Set-up
The following cards are required to run the program:
Card ID Number of Cards Description
1 1 Variable size card
2 1 Number of points on damage curves
for each weapon type
3 1 Maximum number of weapons of each
type to be used in computing
damage curves
4 1 A adjustment card
5 A set for each "K" values for each exemplar group
weapon type
6 One for each local- Local-defense card
ly defended target
7 1 Number of targets in each corridor
8 One for each Target-description cardx*
target
9 One for each Corridor entry points
corridor
10 1 Interceptor constants

* These cards are ordered so that all Corridor -1 cards are first,

followed by all Corridor-2 cards, etc.

16
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READ
INPUTS

L]

FIND DISTANCE FROM
ENTHRY POINTS 10 TARGETS
FIND EQUIVALENT
TARGETY PRICES

/ READ

PENETRATION

PROBABILITY
TABLES

v

PRINT
INPUT

FIND DAMAGE FUNCTION
FOR EACH WEAPON
TYPE ON EACH

CORRIDCT
>y

READ IN A End of
WEAPON b —

ALLOCATION Fue

v

INITHAL!ZE
LAGRANGE
MULTIPLIER
VALUE

PERFORM
ALLOCATION

UPDATE LAST
MULTIPLIER ITERATION
VALUES
PERFORM
CLOSING
PRINT
RESULTS
FIGURE 1 BALLOC FLOW CHART
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INITIALIZATION

v

SET CORR!DOR
1D TO 1

‘4—

SET WEAPON
TYPE 1D TO !

ﬂ

FIND POINT ON CURVE FOR

THIS WEAPON TYPE ON TH!S

CORRIDOR WITH LARGEST
LAGRANGIAN

Y

1S
THIS
FLAG THIS Yes LAGRANGIAN >
WE AnAA TVYOL .
WEARCOR TVPE THE ONE FOR ANY
FOR THIS PREVIOUS WEAPON
CORRIDOR
INCREASE Yes MORE
WEAPON TYPE WEAPON
COUNTER TY‘:ES

MORE

CORRIDORS
»

OPTIONAL
PRINTOUT

FIGURE 2 ALLOCATION SUBROUTINE
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SET WEAPON
TYPE 1D -1

MORE
WEAPONS QF
TH!S TYPE
THAN
DESIRED

REMOVE WEAPONS
FROM CORRIDORS
BASED ON SMALLEST
INCREMENTAL DAMAGE

]

MORE
WE APON
TYPES

3

INCREASE
WEAPON COUNTER

2
\
i
W

SET WEAPON
TYPE 10 -1

it e SRR SRR e

OF THIS TYPE 5
THAN NEEDED, :
: NO §
3 WEAPONS INCREASE 3
USED WEAPON COUNTER
1 :
INCREASE WEAPONS
- ON CORRIDORS MORE :
BASED ON ._1’ WEAPON :
% LARGEST INCREMENTAL TYPES 2 ;
DAMAGE |
:
- ALLOCATE WEAPONS THAT
3 WERE NOT USED AT ALL
f TO UNATTACKED CORRIDORS

X

TA-8772-2

FIGURE 3 CLOSING SUBROUTINE
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Card ID Namber of Cards Description

11 i Interceptor reliability against each
weapon type

L

12 1 Attack-size table

13*

14*
g function ot the attack size and

distance

As many as needed Distance trom entry-line table

As many as needed Penetration probabilities as a

£ 15 One for cach case Desired-allocation card
to be run

mens o

e s

2, Input-Card Formats ;

LR i T

Figures 4 through 18 describe the input card formats.

oyt 1o

The first row contains the number type (I = right justified integer,
R = a real number, and A is an alpha format), The second row

contains the field on which the number is to appear. The third

el B ot e

row describes the input, and the fourth row gives sample values,

Figure 4 contains the size limitations for the various
parameters as well as giving three print options. If the Option
1 field is not blank or 0, damage curves for each weapon type
1 on each island will be plotted. Option 2 will print out the
allocation to the corridors for each iteration, unless the field
is blank or 0. Similarly, a blank or 0O for Option 3 will sup-

press the printing of the allocation summary for each cycle,

YT

Figure 7 contains the constants for increasing or de-

creasing the Lagrange multiplier vector to converge on the desired

solution, as well as the cutoff point to stop the iterations.

*®
These are inserted in the above order for each corridor,.

20
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Each target 1s assigned to an excvmplar group, however,
there may be up to 400 groups so that cach target can be treated
independently. The damage constant (k™) (Figure 8) is given for

cach weapon type and cvach exemplar group.

The target cards (Figure l1l) are ordered so that all of
the targets 1n Corridor 1 are tirst, tollowed by Corridor 2, etc.
Figure 10 gives the number of targets in cach corridor, The last
corridor contains all of the targets not covered by any arca

defense,

For vach city with local detfense, a card (Figure 9)
showing the number of interceptors against cach weapon type is
used. Also, a constant determined by the leakage through the
arcva defense is needed for cach weapon type (Figure 13). Inter-
ceptor kill probabilities are given against cach weapon type
(Figure 14), and to obtain the equivalent intercepts of weapon j

against target i the program uses

where

—
1]

Interceptors at target i against weapon type Jj

=
i}

Interceptor kill probability against weapon type j

-
i

An input constant associated with the leakage through

the arca dcfcnses.3
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P , the penctration probability to a given target, s
p

d4otunction ol the total attack si1ze to the corridor and the

distance ot the target trom the corridor entrance.,  Figures 16,

L7, and 18 contain the tables desceribing these tunctions,

,:jMny”‘h,A‘ %

§ D, Sample Output

¥

4 Figures 19 through 23 are samples of the output available from
! BALLOC. FPFigure 19 contains the program iunputs, Figure 20 shous

£ the plots ot the individual damage tunctions for cach weapon type

x

& on cach corridor., This printout 1+ optional, as is Figure 21,

which contains the output available after cach iteration, Figures

22 and 23 show the tinal program output,

AE P s NS e RS O s
s ib A

¥ Bl SRS T IR T in s AT
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FINAL ALLOCATION TC TARGETS IN CORRIDCR 2
Tr1S CORRIDCR WAS ATTACKED BY WEAPON )

TCYAL ATTACKERS TO CORRICCR = 21
TCTaL OAVAGE TO CORRIDOR = 109.9%9)
TCTAL VALUE OF rORRIDOR » 11300,00

: TARREY ATTACK CAMAGF
1 3 n 0,0000
i 2n 2 26,4272 "
¥ 21 n 120,2752 4
H Jn 7 109.1215% i
9 12 | 13.535% ;
¢ S4 2 28,0488 %
¢ ss " 0.0000 Py
: .2 r 0,0000 5
¢ LY " 0,0000 : '1
! 21 1 12,5532 i
; RY n 0,0000 i 1
- 100 A 0,000n :
Z 1n4 () 0,0000
5 120 ) 0,0000
z 123 n 0.,0000n
. 129 n 0,0000

132 n 0.0000

148 r 0.0000

178 " 0,0000
¢ 270 n 0,0000
& 2™ " 0.0000
: anh n 0.0000

212 n 0,0000

238 n 0,0000

245 n 0.,0000

ey ) 0,0000

2%n n 0,0000

279 n 0.0000

294 n 0.,0000

333 " 0,0000

3an " 0,0000

389 o 0,0000

37} 0 0,0000

383 n 0.0000

3n9 n 0,0000

36s n 0.,0000

399 r 0,0000

FIGURE 22 FINAL CORRIDOR ALLOCATION i
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SUMMARY OF FINAL ALLOCAYION

CCRRICOFR wEap TYP ATTACK DAMAGE

1 n 0 0.00
2 1 21 ING .98
3 n 0 800
4 n 0 000
% n 1] 000
é r 0 000
Y r 0 000
8 [ 0 000
9 2 3?7 4497,08
REAP TVYP ATTACK OCAMAGE
) 21 Ing,959])
? 17 4497,0R28
TCTAL ATTACKERS = SR

TCTAL DAMAGE = 4807,2419
TCTAL VALUE = 11026040000

FIGURE 23 SUMMARY
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VALUE

kL1 1
11300
18920
23780
10360

7280

5200

6360
23200
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KU T S RO NI S B P N SN

Tt e

TR MDY

2n3

ant

204

204

ann

20?

PROGRAM BALLOC (INPUTOUTPUT s TAPERSINPUT,,TAPFASQUTPUT)

COMMON /CFNAN/ZLAMDA X (50N e%) oV (S00) o CRTITLM(SN0¢S) o IFIRSTHILASY,
LAYTACK (NAMAGE +ATT(5N0) vDAM(S00) o NINTER(S0A¢S)

COMMEON/FALL NC/wD (S) oLAMRNA(S) 4 ITYPE (1K) RUFAP (15) ENAM(]1&),
TATTCRV (150502 1) oDAMCRV (150502])) sLAMMAX (154R) o INTERV (180
2T0TALA(R) 4 TOTALN(IS) o TOTALL (S) o YALUR (1 8)

COMMCN/CBEST/TwJ e TOTABI(S) s ITYPEB(1S) RWEARR (1K) JENAMB (15),
1INTRVR(168) ¢} AMNAR(S) s ITERR, 1 TER

DIMEASTON NTARG()IS) s TNIST(S00) s IPOINT(18),AP(S)sDISTI(12),
1PP(129%:5%) 98(2105) NP (2105) oKAY(500:5) o IPRINT(I) oWEAPMY (18]
2INIST(RN0) oX(21)4Y(21) eOLAMDA(S) 9SAM!S0008) 4LAT (500}
JLONG(SNAN) s CLAT(1802) sCLONGR(1502) oKAY) (400¢S)eREL(S)
AINISON) JNINCR(B) ¢NINCRPIS) 4 INCR(S) NWFPMX (8) o (S) 2 INTFR(S)

RFAL XAYoK oL AMNAY (LAMDA2 JLAMDA LAMRDA JLAMMAY L TOTAL L AMDAR,
ILATLONROKAY]

READ 100s NCORINGNATTYPoNAPGNDISToITERMX s (TPRINT(T) oIm) o) oNEXENMR,

INLNEF

IF (NATTYP,GTNCORID)Y GO TO 6%0

READ 1nne (NINCR(IW)oIWSI  NATTYP)

READ 107 (AWEPMX(TW) eIwsl NATTYP)

DO 203 Iws) NATTYP

NINCRP (TW) BN INCR (T W) e

INCRITWIB(FLOAT(NWEPMX(TIW))/NINCRITIW)+0,.999)

READ 1108y FRACT) FRACTZ¢NLLIM

NO 241 twm) MNATTYPRP

READ 1n&y (KAYI(TIFoIW) e IEm) oNEXEMP)

0N 2né4 1Tal,A0N

DO 2na tws),NATTYP

NINTER(TTeTw!3pn

NN 2né& TLs) oNLNEF

READ 10ne IDTo(TINTER(IW) ¢Twa]lyNATTYR)

00 20k tTws)l NavTTYP

NINTER(INToIwW!sINTER(IW)

REAN YNy, JTARG(IC) o ICmY oACORID)

1POINT (V) =1

DN 20C 1Cm2,NCNRID

IPOINT(TC)STPOINT(IC=1) eNTARG(1IC=1)

1TARGxTPOINTINCORIN) eNTARG(NCORID) =

DO 2102 TT=1,41TARG }

READ Y70 ID(TT) G NEXeVIIT) qLATIsLAT2,LATILNANARYLONG2 4| ONRD

CAT(TT)S(LATI® (LAT24L8T3/60,)/7604)%0,0174%83

LONG(TTIS(LAONGY o (LONG2¢LONG3/604)/760,)190,N017453

INT=ID(TIT)

NN 202 (W=1 NATTYP

SAM(TTTWISNINTER(IDTe1IW)

KAY (T ToTw)=KAY) (NEXoTW)

DO 2nS 1Ca) {NCORTID

READ 1nRe CLATIoCLAT2:CLAYIGCLONGY ¢+CLONG?2 CLONGYICLATA CI ATS4CLATS

19CLONG4+CLONGS+CLONGS _ |

CLAT(ICs1)m(CLATI&(CLAT2+CLAT3/60,)/60,)00,017453
38
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CLAT(I1C,2)8(CLATA (CLATSSCLATAH/A0,)/760,)9n,0])748)
CLOMNG(TC 1 e (CLONR 1« (CLONR2eCLONGYI/AN,) 70,1 %N, 01745
CLONA(TICI2)u(CLNMGA (CLONGS¢Cl ONGA/ZAN ) /6N ) ®n,0iT&53
20% CONTINLE
RFEAD 108 (CUIw)oeTws] NATTYPR)
REAI) 1ASy (REL(Iw)oIWaslyNATTYPR)
VFFE=A N
NO 215 1Cs) ANCNARIN
IFIRSTaIPAINTLIIC)
ILASTRTFIRCYeNTARG(T1C) =]
VALUF({Ir) a0, 0 5
NEACAS (SIN(CLAT(TCo 1)) ®SIN(CLAT(ICe2))eCOSIALATIICO1))O@COSICLAT(IC
1e2))0c AS{CILANGITICe2)aCLONG(ICe1) ))
GAMMA=ACOS ((SIN(CLAT(ICs2))«COS(D)@STN(CLAT(ICHY))IIZ(SIN(N)®COS(
ICLAT(TC+1))Y)
DO 212 1T=IFIRST,,T11_AST
ASACAS (SINICLATI(ICOI) ) ®SINILATIITI)IACNASICI AT(ICe1))IOCAS(LAT(IT)) @
1COS(LONGLIT)aCLONG (ICe1) )
ALPHAZACOS((SIN(ILAT(ITI)=COS(R)®SIN(CLAT(TICe1)) )/ (SIN(A)®COS(CLAT(
11Ce 1)) M)
RETAxALPHALGAMMA
TDIST(IT) B3040, *ASIN(SIN(R)®SIN(BETA))
DO 21" tTws] NirTTYP
IF (SAM(TITeIW) (ENeNL) GO T 209
NINTEO (1T, Tw)s(SAM(IT,IwioC(Iw)®REL (Tw)e0 %)
GO ¢ 21N
200 NINTFR(TTelw)zn
210 CONTINMLF
212 VALUF(TC)sVvALUF{ICYeV(IT)
215 VFEsSVEFeVAIL LE(TIC)
NN 221 1CaY (NCNRIN
IFIRST=TPOINTI(IC)
ILAST=IFIRRTOANTARAR(TIC) =]
PRINT 120, IC
nA 22Y TTsIFIRST, ILAST
221 PRINT 1954 TD(TT)IoVIITI o TDIST(IT) o (KAY(IToIW) o IWE105) o (ININTER(IT,
1Tw) el wsleB)
PRIMT 110
NEC 3Ipn TCe] JNCOARID
IF (1r ,FQA.NCORINY GO TO 227
READ 175, (AP (M) M3]¢NAP)
REAN 148s (NIST{I)eIxZ1oNDIST)
NN 227" Twel JNATTYP
DA 22" m=)4NAP
220 REAN 1A%, (PP (TevelW) oIzl ,NDIST)Y
222 NC 222 TWzy NATTYP
ATTCRVI(TCoTwel)=r,n
222 DAMCRV {TCoslwalliz=n,n
IFIPSY2IPAINT(IC)
ILAST=IFIRSTONTARA(IC) =1
1F (1C.FQ,NCORTIN) GO TO 288
net 231" TT={FIRSTHTLAST
nn 228 1E2,ND1ST
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22%
230

24%

2s0
25%

287

A
i
%
%

: 260

270
275

S ¢ 200

283

e ek ks

IF (INISTLIT)«GELDIST(I)) 00 YO 228
i01S%i1"ist

G0 TC 230

CONTINLE

INIST(TITIeADTSTY

CONTINLE

DO 28N Twus) JNATTYP
MINCROSAINARP (W)

DO 2%0 mu24MINCRP
A(MyIWw)s(Ma])®INCR(TW)

N0 24% 1432 ,MaP

IF (A(v.Iw) GEAPIIA))Y GO TN 245
NP (Molw)mla

GO T¢C ?2¢%0n

CONTINULE

NB (Mslw)SNAP

CONTINLF

DO 39n Tws) NATTYF

X Ms0,0

MINCRPgNINCRP (Tw)

DO 200 NE2,MINCRD
JRENP (v, Tw)

J‘lJn-)

CLMAxXsN 0

DO 26N ITsIFIRST,ILASY

IF (1C.ANEJNCORIN) GO TO 257
K(TToelw)EsKAY(IToIw)

Ge Te 259

KR=INIST(IT)

KAZSKR =]

PPRORIQINT(DIST(XKA) sDISTIKB) sPP (KA JAIIW) oPP (KB UA9IWY o TDIST(IT))
PPRNA2sRINT(DIST(KA) sDIST(KB) oPP (KA JROIW) PP (KR JBIIWI o TNIST(IT))

PPROB2RINT (AP (JUA) 4 AP (JUB) yPPROR] 4PPROA2 A (Mo TW))
1F (PPACA,GT.l.0) PPROBSE, A

1F (PPROR,LT.N,0N) PPROBEN,N
K(1TeIw)SBRKAY (KAY(ITelIW) sPPROR)

IF (NINTER(IToTwW) ,EQe0) GO TO 259

1F (PPRNB,,EN,D0,N) 30 TO 289
NINTER(TToIw)S(NIMNTER(ITy W) /PPRORSN,S)
CRITLM(IToIw)BV(TIT)®K(ITeIw)wa2/2,
CLMAXSAMAXY (CLMAXSCRITLM(IToIW))
LAMDAY=CLMAY

LAMDAD2Y .0

LAMDAR (L AMDAL s AMDAZ)Y /2,

IF ((LAVDAY=LAVDA2) oLTe0,0N]1) GO TO 2R3
CALL FDaAM(lw)

1F (ATYACK=A(MoIw)) 275+287+280
LAMDA) 2 AMDA

GO T0 270

LAMDAD=_AMDA

60 T 2710

LAMDAS| AMDAY

CALL FDAM({1w)

ATFMPaATTACK
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28s%

287

2RRA

29n
291

298

jnon

301

36?2

el

Ins

DYEMPaNaAMAGE

LAMDAS) AMDAD

CaLL FRAM({Tw)

AlsARS (ATEMPeA (M, [W))

A28 ARS (ATTACK<A(MoTW))

IF (a2, E,A)) RO YO 2RS
ATYACKGATEMD

DAMAGFaNTEMP

MOaMa}

APTIsA(MoIW) 0 INCR (W)

| 4.4 (ATTACK.BT.ATTCQV(YCo!HoFO)oAND.AYTACK.LT.API) GO0 Tn 2mY
ATTCRAV (IC, Twe™)mATTCRV(IC,IweMO)
DAMCRY (T1CoTwoMIaPANCRV(ICoIwWoMN)

GO TC 2aA

ATTCRV(ICoelwoM)esATTACK

DAMCRAV (TColweM)aDAMAGF

CONTINLF

IF (ATTACK ,FQen,) GO TO 290p

X m23NAMAGE/ATTACK
XLMzAvAX] (X MoxLM2)

CONTINLF

LAMMAY (TColw)mxlM

IF (IPRINTI(Y),.,FQ,0) GO TO 300
MINCAPaNINCRP (W)

DO 298 M=l MINCRP
X(M)SsATTCRV(ICeTIwoem)
Y(M)2DNAMCRV(ICe IweM)

PRINT 1359 1CoTW

YMINsn N

YMAXBY (MINCEP)

Nlel

LINF=RT

CALL PLNTN (YoeXgYMINGYMAXGNIZMINCRP | INF)
CONTINLF

CALL SFECOND (TIMF)

PRINT 190, TIME

REAN 1nSe (WD(TW)eIwslyNATTYP)

IF (FNF,5) 998,3n2

DO 3n3 TwWws) NATTYP

IF (WP (Tw) LENWEPMX{IW)) A0 TO 3019
PRINT 199y IWerWFPMX{TIW) eWD{TIwW)

GO TO 23ni

CONTINUE

NC 3n4 TwS) yNATTYP

LAaMBCA(IwW)2n,0

DO 3Ne ICs)(NCNRID

LAMBRA (IW)SAMAX] (LAMBDA(TW) oLAMMAX (TCoIW))
IFLAG=N

CalL aLnCAaT (INATTYPWNCIRIDININCRP,IFLAG)
NXzen,n"

NO 31 tws) NATTYP

IF (TOTALA(IW) (L T.wWD(TW)) GO TO 3n%
DLAMPA(Tw)an, N8
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GO T wn
30S DLAMDA(Tw)man, NG
3in leunA«tH>-lAnana(rw)'tl.onLAuoatru$)Ot).on:>
N8 conTINE

{TFba)

Tw s1n _Fan
3an CaLL apLnCcar (NATTYPyNCORIND G NINCRP, IPRINT (2))

CALL RFSTCY (NATTYP,NCORID)

IF (1PRINT(3),FQ,n) GN TO 323

ATNTAt 2n,0

D'ﬁ‘l‘l 54 ()

LYOYM sN,0

PAINT 118, TTER

PRINT 120

00 322 Twsi NATTYP

ATOTAL eATOTALTOTALA(IW)

nYnTALathTALoTOYALntxh)

LTOTAL &L TOTALSTOTALL (TW)
322 PRINT 128, DXoDLANOA(IH)oLANBDA(IH)oUD(!H).TOTALA(IH)oTOTALDIIU).

lTovaLt (tw)

PRINT 130 aTOTAL «NTOTALWLTOTALSVEE
323 nLmAxanr,n

DO 32= Tws) ,NATTYP
kF-l1] DLMA!IAHAX](DL“AX.ABS(DLAMDA(IU)))

IF (DLMAXLLYDLLIMY BN T0 450

DO 33P0 Twe) ,NATTYP
33n iF ranstYnTALhrru)-uo(IH)).GE.FLOAtcrncnlrw))) GO T0 31%

DO 332 Twe)NATTYP
332 IF (TOTALA(TIW) NF.wN(IW)) GO TO Snn

GO TC eng
335 DO 348 Tws)NATTYP

IF (CLAMDAITIW) (6GT4n,) GO T 4%

IF (YNTALA(YIS) ,GF . wN(IW)) 6N YO Jan

DLAMQAcrw,-rnacT1°DLAMDA(tu)

60 TC k0
34N DLAMDA(TW)RFRACTZ#NLAMDA (TW)

GO T 18§
3AS IF (TOTALACIW) ,GT.wD(IW)) GO TN 3Sn

OLAMPA (W) =xFRACT28NLAMDA (Tw)

GC TC 340
IS0 DLAMCA(TW)=FRART)I®NLAMDA (Ty)
3ss oLaunA(ru)aanaxl(nLuax/Zo..AMxNI(nLAung(yu,,o,s))

GO TC ks
3é6n OLAMDA({H)'AMINI(-hLMAX/Zo.oAMAXl(DLAMDA(!H).-O.G))
365 CONTIMLE

TSm0

TA.(‘on

NO 37" Twa) NATTYP

TSaTSe| AMRDA(IW)®TOTALA( W)
370 TASTAC AMANA(TIW) ®w)y!Tw)

IF (Cx,6T,n,) 20 YO 380

IF (TS,3T,T4) R0 YO 378

DXsFRACT1epY
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ann
J18%
Jq0
39§

a0
LR

asn

ann

A0

son
En&

Si1n

520

Sal

GO Y& 195

DxsFRACT2ONY

88 T~ a0

IF (YS,AT,Ta) GO TO 3AS
NuaFaacrdeny

G0 TC 8

NrxsfFRACTIODYX

NXaAMAX ) (DLVMAX/20, AMIN]T (NXe0,5))
G0 TC 4n0

DXSAMIA] (@D MAX/2L 4 s AMAR] (NX9=0,8))
DO 1" Tuml JNATTYP
LAMANA(Tw)s(l,eNp AMNA(Tw) )@ (] ,eDR) O AMBDACTY)
[TFRsITFRe)

IF (17FR,GT, ITFAMX) GO TO 450
GO 1A 120

NO abn Tus) JNATTYP
LAVMKECA(IW) s AMNAR (W)
TOTALA(Tw)sYOTAR(TA)

DR 47" 1Cs) NCORID
1TYPE(IC)SITYYPFR(]C)

PwEARP (1) sRWEAPR(1C)
FnamitcrsEnamMi(I1C)

INTERV (ICISINTRVR(IC)
{T6RaYTEAR

CALL CLNSE (NATTYP(NCORIDsNINCRP)
DN SV~ Tws) NATTYF

TOTALN (Tw)mn N

TOYALIL (Tw)mpel

NN S2¢ 1Cs) JNCORID
Tw=ITYEF(]Ir)y

IF (1w,FR,") GO TO S52°¢

TATALC (Tw)sTOTALD (IwW) +EDAM(IC)
TATALL (IW)aTOTaLL (IW)eEDAM(IC)=LAMANA (1W)@RWELP (IC)
CANTINLE

PRINT 140,TTER

ATNTAL=NN

NINTALsN, 0

NA 541 TWs)  NATTYP

TOTALALIW, 20,0

TATALN (IwW)sN, U

DO 6NN 1Ca) JNCOARID
twsltYREL(IC)

1F (YU.FQ.”) Ge TN S9%
wWEAPNERWF AP (IC)

CLMA!-n,ﬂ

IFIRSTsIPOINTI(IO)
ILASTRIFTRSTONTARG(IC) =]

IF (ICFGJNCORTIN GO TO Sé&Y

DO Sé7 tas? hab

1€ (WEADD,GE.AP(TA)) GO TO 562
NPD=eTA

GO Tr &4a1
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I,

S

Se2

S43

Se7

1Y)

Seh

S48

550

558
S6n

§Tn
Sao

$90

59%
é0n

603

605

GO TC 3nl

CONTINLF

NPPRaNAD

CONTINLF

JRBNE

JA® R

DO S46 !TelFINGT, ILASY

[F (1r ,FQACORIN) GO TO Sae

XKRsIPIST(IY)Y

KASKRe

PPRORIaRINT (DIST(XA) o NISTIXKA) +PPIKAoIAIIW) oPP (KR JASIW) o TNIST(1IT))
PPROAISRINT (DIST(KA) oNIST(XB) ePP (KA JRIIW) oPP (KRoJBoIW) o TDIST(IT))
PPRORSRINT (AP (JA) + AP (UR) PPROR] 4PPRNA2,WEAPN)

IF (PPRNA,RT,]1,N) PPRNAEm],0

1F (PPRNAG L T.,0,9) PPROB=O,N

K(ITeTlu)BAKNAY (KAY(ITo1w) s PPROR)

1F (NIATER(TITeTwW) ,EQe0) GO TO S46

IF (PPROM,FR,0,0) GO TO 844

NINTER(TTolw!BININTERIIToIw)/PPRORCH, %) :
CRITLM(TToTwiav(IT)IOK(ITow)002/2, 4
CLMAYSAMAX) (CLMAXoCRITLM(TIToIwW)) 5
CONTINLE

LAMDA ) sCCLMAY

LAMNDAZaN, 0

LAMDAas (I AMDAY e AMNA2) /2,

CALL Fnam (1w)

IF (ATTACK«WwEAPD) §50458N,555

Lavnals AMDA

GO Tr sal

LAMDAD=! AMD)

IF ((LavDAYelLAMNAZ2) oL Te0.0NN])) GO TH &N

GO T &aS

CALL CLASE? (lwewEAPD) 1
PRINT 140, 1CeIW

PRINT 142, ATTACKNAMAGE,vaLUE (IC)

ATOTAL=sATATAL*ATTACK

NTATAL sDTOTALSNAMAGE

TATALA(TWISTOTALA(TIW) ¢ATTACK

TOTALN(IW)STCTALN (W) ¢eDAMAGE

EnamM(Ic)sDAMAGE

DN S9™ 1TslFIRST,ILASTY

PRINT 1AS, T0(TIT)eATT(IT)oNAM(IT)

GO TO «&n)

PRINT 170, 1C

CONTINLF

PRINT 164

PRINT 1&A

DO &r7 1CsV JNCHRID

PRINT 185y ICoTTYPE(IC)sRWEAP(IC) sFENAM(TIC) ¢ VALUE(IC)

PRINT 193 ]
NA AR TwE) JNATTYP 1
PRINT 18Ss IweTNTALA(IW) o TOTALD (W)

PRINT 1969 ATOTAL DTOTAL 4VFF

o 4

k3
3
Eh

g ]
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65" PRINTY 19A

100 FORMAT (1ATS&)

108 FARmMAT (BF1P, ) )

104 FoamaTr (2110,F10,0,2(3X013,212)45F65,0)

100 FOAMATY (M1 4F,P,2F2,0))

110 FeBmaT (1m))

118 FAamaAT (Imt, @ TTFRATION NUMBER @, 12)

120 FORMAT (/770 nx DL AMACA LAMANA wEaP NDFS wFAP 0BT
1 paAmAGF LAGKAN®/)

128 FoRmaT (Im (FA 8,210 ,0,2F10,0,2F12,4)

130 FEQMAT (/778 1NnTa. ATTACKFRS & ®9FA, N/® TATAL DAMAGE = ®,Fl0,4/
18 TOTA| LARRANAGTIAN = ®9F1n 470 TOTAL VALUP 5 @,F1Nn,2)

13€ FORMATY (//7/7/7® CARRINOR NUMAER ®¢12/0 wEAPAN NIIWRER @4912)

140 FOAMAT (1M1, ®FTrNAL ALLNCATION FOUND AFTER FLOSING ON ITERATION o,
112y

1S0 FNQMAT (/7/7/% CARAIDOR wEAP Tvp ATTACK DAMAGF VALUE®
17)

158 FoRmaT (1m ,15,112,F12,0,F12,2,F1ln 0,

160 FARMAY (1m) ®FTAAL ALLOCATTION TO TARGFTS N CARRINOR e,12/¢ TMIS C
1NRRIPCE wAS ATTACKED AY WEAPON @412/,

162 FORMAT (® TATAL ATTACKERS TO CORRINNR s ®oFg,n/® TOTAL DAMAGE T0 C
10RAINAG 3 #,F12,4/0 TNTAL VALUE OF CONRRIDAR = #,F10,2//,0 TARGET
2 ATTACK NavmanEe//)

168 FORMAT (T 419,F12,0,F16 4,

170 FORMATY (1) ®CPARRINOR ®412,% wWAS NNAT ATTACKFEDS)

180 FORMAT (1m),8CNARRINNOR NUMRFR ®,12//0e In VALUE D1sT
1 X®eSnAXI®INTERCFPTORS®//)

IRE FARMAT (1M (1S42F10,2:5F1n,4,518)

190 FAQMAT (® TIME = @,Flr,8)

193 FORMATY (7/7/7/® wEaAP TYP ATTACK NDAMAGF® /)

194 FORMAT (W] ,® SUMMARY OF FINAL ALLOCATINNG)

198 FARMAT (1M JISF12,NeF13,¢)

196 FORMAY (/778 TNATAL ATTACKERS = ®oFS, n/® TATAL DAMAGE ® ®4F12.,4/
1@ YOYAL VALLE 3 #,F12,8)

19R FORMAT (1%],®ERRNP [N INPUT VALUES,®#/8 NUMARER OF ATTACKER TYPES FX
1CEFN. TwF NUMRFR CF CNRAINORS®)

199 FARMAT (1H1,8ERRMAR TN [NPUT,®//® TWIS CASF wilLL NOT BF RuN,e//
1® ANUMRER NF WEAPORS OF TYPF ®.11e@® FAMNOT FXCFED ®¢15//
20 THIS FASF REAUFSTED ®4F& nNee WEAPNANS OF TWHATY TYPES)

969 STNP
FAD
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SHACE ([YY)muA <K

WHTTE(OaL V) YLINPY e R o!SP CF(T)e T 3 },S1)
FOuAT (24r 1 3eeeFl 30l rnliag
ITFUmClenNr e ') W CELIYLIaTISS)
Cuall vIE

wATTH (me | %)

e Tiinde,

F ooy

SI42NUTT4E aLICAT (NATTYP NCORIDSNINCRP(FLAG)

COMSUNZCALLIC/ 91 (31 s LAMROIALR) o [TYPE(15) «HWEAP(]15) +EDAM(15),
1a1TCRAY (190956 21) oDAMCAV I 15¢5¢2]1) o LAMMAX (19e9) ¢ INTERV(13)
JTOTALA () o TOTA 1 (5) e TUFALL (S) ¢ VALVE (1)

DLMENSTDE AT NOR(H)
MP AL LAMY ) vl AviAR

DY 200 [s]eNATTYP
TOoVYala(l)=sneu

Torato(ir=C,0

Tal Lty =040

N 300 [CeleNCHRTD

1TYRPE(iCY=

Raf o (1Cra )

FoadY{ICrsy,Q

INTFRVIC)=n

A-AYS=D,?

Ny 2490 w2 ¢NATIYR

TP (LA4ADAITA) o 3ToLAMPAX([CelW)) GO TO 290
RLAY 20,0

MInCRPEINTWORPIT )

210 KePeMl yr~P

MILAGBUAMCHVY (JC o [WeR) alL A 4rArIw) ®ATTICRY (TColwon)
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